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Description

[0001] This invention relates generally to the field of
image reproduction by electronic halftoning and, more
particularly, to a system and method of performing half-
tone gamma correction in a printing environment.
[0002] The history of halftoning dates back to the sev-
enteenth century print making technology of Mezzotint,
which has evolved into classical screens, modern error
diffusion and blue noise methods. Modern halftoning,
commonly referred to as digital halftoning, encompasses
a number of encoding methodologies often used to re-
duce the number of quantization levels per pixel in a dig-
ital image while maintaining the gray appearance of the
image at normal reading distance. Halftoning techniques
are widely employed in the printing and display of digital
images. The need for halftoning arises either because
the physical processes involved are binary in nature or
the processes have been restricted to binary operation
for reasons of cost, speed, memory or stability in the pres-
ence of process fluctuations. Examples of such process-
es include printing presses, ink jet printers, binary cath-
ode ray tubes ("CRT") displays and laser xerography.
[0003] Image generation devices often provide image
information as eight bit signals representing an image
pixel, although the number of bits in a signal may be
lesser or greater. A pixel, also known as a picture ele-
ment, is generally understood to be the smallest unit (e.g.,
a bit in a binary image, or a byte in an image with 8 bits
per pixel) of an image that a particular image generation
device can produce, store, or transmit. The eight bit sig-
nals mentioned above may represent for each pixel 256
distinct levels of color (i.e., 0-255 bit combinations), or in
the case of a black and white image, gray scale levels.
As alluded to above, many image output devices, such
as digital color printers, monochrome facsimile devices
or raster image processors, are capable  of reliably pro-
ducing only binary pixels on a printing medium, analo-
gous to a "0" or "1" in the computer arts.
[0004] Groupings of these binary pixels, typically re-
ferred to as halftone dots, are arranged preferentially in
a predetermined pattern within a digital halftone cell. For
example, in order to create the illusion of a variety of
output gray scale levels representative of the colors in
an input image, the binary pixels are output at various
counts per unit area (i.e., halftone cell). Assuming a "1-
state" pixel is dark, the lower the count of 1-state output
binary pixels per unit area, the lighter the tone will appear
at normal reading distance. On the other hand, the higher
the count of 1-state output binary pixels per unit area,
the darker the tone will appear.
[0005] Some high quality digital color printers use half-
tone cells capable of reproducing 150 or more levels per
color, which are approximately uniformly distributed in a
reflectance space, preferentially a reflectance space that
is perceptually uniform, such as L* in CIELab space as
used in color science. In some printing technologies, sev-
eral of the colors have a steep gamma, reaching approx-

imately 10% reflectance (i.e., 90% darkness) while only
approximately 50% of the input bits are turned on. Em-
pirical testing has shown that a steep gamma combined
with the vagaries of human eye perception may hinder
the desired appearance of a gradual shading change
over the range of the output device (e.g., printer). More-
over, printer rendition and environmental factors such as
humidity or temperature may increase the chances of
obtaining an undesired steep gamma during printing to
further deteriorate print quality.
[0006] A method for performing halftone gamma cor-
rection in a printing environment in accordance with the
present invention comprises: obtaining one or more print
tone reproduction functions, each of the print tone repro-
duction functions defining a relationship between set
color levels and image units; selecting at least one of the
print tone reproduction functions from the one or more
print tone  reproduction functions; determining an initial
quantity of the image units for each of the set color levels
using an ideal print tone reproduction function; determin-
ing a first quantity of image units for each of the set color
levels based on the selected one or more print tone re-
production functions; and adjusting the initial quantity of
image units for the set color levels to the first quantity of
image units for one or more of the set color levels thereby
reducing the increment difference in image units along
the x-axis in the substantially broad flat regions as com-
pared to the nonflat regions, wherein said selection com-
prises: selecting one of the print tone reproduction func-
tions from the one or more print tone reproduction func-
tions which in a shoulder portion in each of the print tone
reproduction functions represents a lowest function in
the y-axis with respect to the ideal print tone reproduction
function, wherein the determining a first quantity of image
units is based on the selected one of the print tone re-
production functions; or selecting one of the print tone
reproduction functions from the one or more print tone
reproduction functions which in a toe portion in each of
the print tone reproduction functions represents a highest
function in the y-axis with respect to the ideal print tone
reproduction function, wherein the determining a first
quantity of image units is based on the selected one of
the print tone reproduction functions.
[0007] A system for performing halftone gamma cor-
rection in a printing environment in accordance with the
present invention comprises: a tone reproduction system
that creates one or more print tone reproduction func-
tions, each of the print tone reproduction functions defin-
ing a relationship between set color levels and image
units; and a gamma correction system that determines
an initial quantity of the image units for each of the set
color levels using an ideal print tone reproduction func-
tion, determines a first quantity of image units for one or
more of the set color levels based on a selection of at
least one of the print tone reproduction functions from
the one  initial quantity of image units for the set color
levels to the first quantity of image units for one or more
of the set color levels thereby reducing the increment
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difference in image units along the x-axis in the substan-
tially broad flat regions as compared to the nonflat re-
gions, wherein said selection comprises: selecting one
of the print tone reproduction functions from the one or
more print tone reproduction functions which in a shoul-
der portion in each of the print tone reproduction functions
represents a lowest function in the y-axis with respect to
the ideal print tone function, wherein the determining a
first quantity of image units is based on the selected one
of the print tone reproduction functions; or selecting one
of the print tone reproduction functions from the one or
more print tone reproduction functions which in a toe por-
tion in each of the print tone reproduction functions rep-
resents a highest function in the y-axis with respect to
the ideal print tone function, wherein the determining a
first quantity of image units is based on the selected one
of the print tone reproduction functions.
[0008] The present invention provides a number of ad-
vantages, including performing halftone gamma correc-
tion that is robust against process instability and non-
uniformity. In addition, the present invention provides a
convenient process for reducing contouring and im-
proves overall image print quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figure 1 is a block diagram of a system for performing
halftone gamma correct in a printing environment in
accordance with an embodiment of the present in-
vention;
Figure 2 is a flow chart of a process for performing
halftone gamma correction in a printing environment;
Figure 3 is a diagram of an exemplary highly ad-
dressable halftone cell; and,
Figure 4 is a diagram of a tone reproduction curve
showing input level correspondence to changes in
measured darkness.

[0010] A system 10 for performing halftone gamma
correction in a printing environment in accordance with
one embodiment of the present invention is illustrated in
FIG 1. System 10 includes digital front end ("DFE") con-
troller 12, image input terminal ("IIT") 13, dynamic ran-
dom access memory ("DRAM") 14, counter device 15,
tone reproduction curve ("TRC") generator 16, and raster
output scanner ("ROS") device 18. The present invention
provides a number of advantages including performing
halftone gamma correction that is robust against process
instability and non-uniformity. In addition, the present in-
vention reduces contouring and improves overall image
print quality.
[0011] Referring more specifically to Figure 1, DFE
controller 12 is coupled to IIT 13 and DRAM 14 by one
or more buses or interfaces. Moreover, while DFE con-
troller 12 is not shown to be directly coupled to counter
device 15, TRC generator 16 and ROS device 18, nev-

ertheless it may communicate with and control these
components and others in system 10 as described further
herein. DFE controller 12 may include a conversion
mechanism for producing halftone cells based on image
input signals received from IIT 13.
[0012] DFE controller 12 may include one or more
processors and circuitry, which may be coupled together
by one or more buses. The one or more processors may
execute a program of instructions stored in one or more
memory devices in DFE controller 12 to enable system
10 to perform halftone gamma correction in a printing
environment as described further herein, although some
or all of the programmed instructions could be stored
elsewhere in system 10. The programmed instructions
may be expressed as executable programs  written in a
number of computer programming languages, such as
BASIC, Pascal, C, C++, C#, Java, Perl, COBOL, FOR-
TRAN, assembly language, machine code language, or
any computer code or language that may be understood
and performed by the one or more processors associated
with DFE controller 12.
[0013] The one or more memory devices associated
with DFE controller 12 may comprise any type of memory
device accessible by the one or more processors asso-
ciated with DFE controller 12, such as read only memory,
random access memory, electrically erasable program-
mable read only memory, erasable programmable read
only memory, flash memory, static random access mem-
ory, dynamic random access memory, ferroelectric mem-
ory, ferromagnetic memory, charge coupled devices, or
any other type of computer-readable mediums. The one
or more memory devices may also comprise portable
memory devices, such as floppy-disks, hard-disks, Zip®
disks, compact disks, digital video disks, computer-read-
able cassette tapes or reels, magnetic tapes, optical
disks, smart cards or computer-readable punch cards
along with an associated read and/or write system, that
may be accessed by the one or more processors asso-
ciated with DFE controller 12 or other types of systems
such as computer systems (e.g., personal computers,
server computers, etc.) to perform one or more embod-
iments of the present invention as described herein.
[0014] IIT 13 is coupled to DFE controller 12 and com-
prises a scanner device, although it may comprise other
types of devices, such as a PostScript interpreter or video
memory element. Since devices such as IIT 13 are well
known in the art, its components, their connections, and
operation will not be described in detail here. IIT 13 trans-
mits image input signals to system 10 by way of DFE
controller 12. The one or more buses or interfaces cou-
pling IIT 13 and DFE controller 12 would have an appro-
priate bit capacity to accommodate a greater or lesser
number of bits being transmitted through it.
[0015] DRAM 14 is coupled to DFE controller 12, coun-
ter device 15, TRC generator 16, and ROS device 18,
and is accessible by one or more of the components in
system 10. While DRAM 14 in this embodiment compris-
es dynamic random access memory, it may also com-
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prise other types of memory devices, such as those de-
scribed above with respect to DFE controller 12. DRAM
14 stores image input signals received from DFE con-
troller 12, gamma corrected halftone image cells received
from TRC generator 16, data received from counter de-
vice 15 for generating angled halftone screens, and high-
ly addressable pixel data used for outputting gamma cor-
rected halftone image cells as described further herein.
[0016] Counter device 15 is coupled to DRAM 14 as
described above and comprises a Holladay counter or
other counter, and includes the appropriate circuitry,
memory devices and mechanisms for providing DFE con-
troller 12 with screen frequency and other image data for
generating angled halftone screens. An example of a Hol-
laday counter and method for generating angled halftone
screens is described in "Digital Image Processing Meth-
ods," Robert P. Loce et al., Marcel Dekker, Inc., pp.
395-399, 1994, and in U.S. Patent Nos. 4,149,194 and
4,185,304.
[0017] The TRC generator 16 is coupled to DRAM 14
and may include one or more processors, circuitry and
memory devices, which may be coupled together by one
or more buses, for improving and maintaining the linear-
ization of a printing device and compensating for drift
during printing using techniques for making minor adjust-
ments to tone range while preserving the distinctiveness
of most of the image input gray scale levels to accomplish
gamma correction as described further herein. In other
embodiments, TRC generator 16 may comprise one or
more computer programs or subroutines including in-
structions for performing the functions of TRC generator
16, which may be stored in one or more of the memory
devices associated with system 10. In such an embodi-
ment, a processor or any of  the mechanisms described
herein may retrieve the programs or subroutines from
memory and execute the associated instructions.
[0018] ROS device 18 is coupled to DRAM 14 and may
include one or more processors, circuitry and memory
devices, which may be coupled together by one or more
buses, and is manipulated by DFE controller 12 for out-
putting gamma corrected halftone cells by directing a la-
ser towards a charged xerographic photoreceptor to dis-
charge portions thereof in an image-wise pattern leaving
unexposed areas charged during printing. Additionally,
while only one ROS device 18 is shown, system 10 may
include one or more ROS devices 18.
[0019] Referring to Figures 1-4, the operation of sys-
tem 10 for performing halftone gamma correction in a
printing environment in accordance with another embod-
iment of the present invention will now be described.
[0020] Referring to Figure 2, at step 20 DFE controller
12 receives from IIT 13 an image input signal represent-
ing an input pixel. In this exemplary embodiment, the
image input signal comprises a 4 bit signal representing
16 different gray scale levels for the input pixel, although
an input signal having a greater or lesser number of bits
to represent a greater or lesser number of gray levels for
a particular input pixel may be used. DFE controller 12

stores the image input signal in DRAM 14.
[0021] Next at step 22, DFE controller 12 creates a
halftone cell for the stored image input signal represent-
ing the input pixel. Referring to Figure 3, an exemplary
halftone cell 30 is illustrated. Halftone cell 30 includes
subpixels 32, first fill region 34 and second fill regions 36
(1)-36(2). In this example, there are sixty-four total sub-
pixels 32, including first fill region 34 and second fill re-
gions 36(1)-36(2). Conventional high addressable devic-
es, such as ROS device 18, are capable of illuminating
each one of subpixels 32. However, in this example the
input pixel represents sixteen gray scale levels, and thus
a set of subpixels 32 may be allocated to one or more of
the gray scale levels. As shown, each of the subpixels
32 are numbered and outputted (i.e., turned on) in the
order according to the particular gray level that they will
be turned on for. Moreover, as the gray scale level value
increases, additional subpixels 32 will be turned on to
give the appearance of darkening the halftone cell when
viewed at reading distance. For example, if the stored
image input signal had a value representing a first gray
scale level, the subpixels 32 corresponding to the first
gray scale level and numbered as "1" would be darkened
by a printer device, as depicted by the black first fill region
34. Likewise, if the stored image input signal had a value
representing a second gray scale level, the subpixels 32
corresponding to the second gray scale level and num-
bered as "2" would also be darkened by the printer de-
vice, as depicted by the shaded second fill regions 36
(1)-36(2). Thus, as the gray scale level value increases
the halftone cell 30 progressively darkens.
[0022] In this example, the particular pattern of subpix-
els 32 forming the first fill region 34 is created using well
known halftoning methods and thus will not be described
further herein. Moreover, the subpixels 32 forming the
first fill region 34 may be formed in other patterns using
other methods. The number of subpixels 32 forming the
first fill region 34, the second fill regions 36(1)-36(2), etc.,
is determined using a number of methods. One method
includes uniformly mapping the gray scale values over
the number of output gray scale values. For example,
four subpixels 32 may be allocated to represent each
output gray scale level.
[0023] Next at step 24, TRC generator 16 creates a
tone reproduction curve ("TRC"), which ROS device 18
outputs as signals to be printed and used as a tone cal-
ibration page. A tone reproduction curve is produced by
plotting a curve of the darkness or intensity effected by
the range of subpixels renderable by ROS device 18, and
may not be  linear. Moreover, an increased number of
subpixels may not yield a corresponding increase in ob-
served darkness. As noted above in step 22, one method
of allocating subpixels that are to be turned on for each
input gray scale value includes uniformly mapping the
gray scale values over the number of output gray scale
values. However, this method may prevent the observed,
or measured darkness change (i.e., ΔE) between suc-
cessive input gray scale levels from appearing uniform
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in the test calibration page. Drastic changes in the ob-
served darkness may result, such as banding, contouring
and other image degradations. Moreover, there may be
a lack of appreciable change in measured darkness de-
spite the illumination of several subpixels 32 where an
inefficient allocation of input gray scale levels may occur.
[0024] The drastic changes in the observed darkness
between successive input gray scale levels may be rem-
edied by TRC generator 16 creating a modified TRC 40,
as shown in Figure 4. The TRC 40 may be produced by
programming DFE controller 12 to control ROS device
18 to produce calibration elements corresponding to dif-
fering numbers of subpixels. While it may be feasible in
the illustrated example to produce a calibration element
corresponding to every possible number of subpixels
(i.e., 64 calibration elements, one for each output level),
in practice typically a subset is initially produced. The
TRC 40 includes a uniform progression of subpixels
across the possible number of input gray scale levels. In
this example, while the image input signal comprises four
bits and may represent 16 input gray scale levels, the
TRC 40 is shown as only including output gray scale lev-
els of 0-8 for purposes of this example. The output gray
scale levels of 0-8 in TRC 40 represent a measure of
darkness which is often referred to as ΔE, but will simply
be referred to hereinafter as the "measured darkness".
As can be seen in TRC 40, a first tone curve 44 is plotted
for output gray scale levels 0-8. The first tone curve 44
may represent a tone reproduction  curve under ideal
conditions. The particular measured darkness values 0-8
along the y axis of TRC 40 are selected such that the ΔE
value between each measured darkness value is approx-
imately equal. This may also be accomplished by map-
ping a uniform distribution of input gray scale levels
through the inverse of the first tone curve 44 onto the
available set of output gray scale levels, as illustrated by
lines 42(1)-42(8). Thus, in TRC 40, the desired ΔE be-
tween each of the measured darkness levels 0-8 may be
twelve percent, for example, although the desired per-
centage may be lesser or greater depending on a number
of factors such as the number of input and output gray
scale levels.
[0025] The table below shows the correspondence be-
tween the number of subpixels allocated to each input
gray scale level by performing the above described map-
ping of the uniform distribution of input levels through the
inverse of the first tone curve 44 onto the available set
of output gray scale levels (i.e., lines 42(1)-42(8)):

Input Level # of Subpixels

0 0
1 4
2 8
3 13
4 17

5 22

[0026] Assuming process variations are absent during
printing, the above described modification to TRC 40 will
produce a uniform change in observed, measured dark-
ness per incremental increase in input gray scale levels
as shown by lines 42(1)-42(8) and first tone curve 44.
However, during printing process variations often occur.
The variations may be caused by printer wear or envi-
ronmental factors as  mentioned earlier, and may cause
a steep gamma in TRC 40 as illustrated by second tone
curve 46. Variations in gammas may depreciate print
quality by forming undesirable contours when prints are
observed at normal reading distance. The areas mostly
affected by steep gammas in TRC 40 are the broad, flat
regions of first tone curve 44 where the slope of the curve
approaches a value that is less than half of the slope of
the curve in the non-flat region. As mentioned above,
under ideal stable, uniform conditions, the neighboring
output gray scale levels in these broad, flat regions may
possess large different incremental numbers of subpixels
compared to the incremental difference of subpixels be-
tween levels in a non-broad, flat region, but these differ-
ences are exactly the ones required to compensate for
the characteristics of the printing device. If the actual re-
sponse of the printing device has shifted to tone curve
46, the large difference in the incremental number of sub-
pixels in the previous table no longer compensates for
the actual response of the device. In fact, changing the
input level from 7 to 8 will produce a change in the number
of subpixels that will change the printed level from about
5.5 to 8. This sudden jump in darkness can produce un-
desirable contours. This problem is most severe in the
flat region of the TRC.
[0027] Next at step 26, TRC generator 16 performs a
gamma correction that is robust against process varia-
tions using TRC 40. TRC generator 16 reduces the in-
crement difference in subpixel counts along the x-axis in
TRC 40 in the substantially broad flat regions (i.e., sub-
pixels 28-64 and ΔE 6-7) as compared to the nonflat re-
gions (i.e., subpixels 0-27 and ΔE 0-5). For a flat region
in the dark portion of the TRC 40, often referred to as the
shoulder or shadows in the printing arts, more levels may
be achieved by using second tone curve 46, which is
lower than the first tone curve 44 (i.e., the nominal, ideal
TRC). For a flat region in the light portion of the TRC 40,
often referred to as the toe or highlights in the printing
arts, more levels  may be achieved by using a tone curve
(not illustrated) that is higher than the first tone curve 44.
In a preferred embodiment for performing robust gamma
correction at the shoulder, for example, at approximately
80 % of the maximum ΔE value (i.e., output gray scale

(continued)

Input Level # of Subpixels

6 28

7 35
8 64
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level 6), the number of subpixels allocated to the input
gray scale levels is adjusted to correspond to the second
tone curve 46 by taking the inverse of the curve as de-
scribed above with respect to the first tone curve 44.
Thus, gamma correction is accomplished by mapping
output gray scale levels 6-7 onto the second tone curve
46 using gamma correction lines 48 and 50. Accordingly,
while the number of subpixels allotted to input gray scale
values 0-5 may remain the same, the number of subpixels
allocated to achieve output gray scale levels 6-7 will
change from 28 to 38 for input gray scale level 6, and
from 35 to 48 for input gray scale level 7, whereas input
gray scale level 8 will remain the same (i.e., 64 subpixels).
[0028] The table below shows the correspondence be-
tween the modified number of subpixels allocated to each
input gray scale level by performing the gamma correc-
tion as described above:

[0029] The particular form and slope of the second tone
curve 46 may be generated by TRC generator 16 using
a number of methods. For example, one or more TRCs
40 may be generated  by TRC generator 16 as described
above in step 24, except that a percentage of a sample
of tone curves are used to base the input gray scale level
gamma correction on. For instance, a tone curve that
approximates the tone curve occurring most frequently
in a statistical sample of the tone curves in the one or
more print calibration pages may be selected to perform
the gamma correction on. Another example includes ob-
taining the tone reproduction curve that is below a sub-
stantial portion of a population of expected tone repro-
duction curves having process variations in a shoulder
portion of the tone reproduction curve, or obtaining the
tone reproduction function that is above a substantial por-
tion of a population of expected tone reproduction func-
tions having process variations in a toe portion of the
tone reproduction function. Yet another method may in-
clude selecting the TRC 40 having the lowest curve to
perform the gamma correction on for variations in the
shoulder portion of the curve, or selecting the TRC 40
having the highest curve to perform the gamma correc-
tion on for variations in the toe portion of the curve. Still
another method may include using known process devi-

Input Level
# of

Subpixels

0 0
1 4
2 8
3 13
4 17

5 22
6 38
7 48
8 64

ations and instabilities stored in DRAM 14 to generate
the second tone curve 46.
[0030] The above-described gamma corrections
greatly reduce the chances of contours forming in printed
images by anticipating low or high tone curves because
of process instability or other factors as described above.
It should be noted that when the process deviations and
instabilities noted above cause a tone curve in TRC 40
to be produced so that it is above the first tone curve line
44 in a shoulder portion of the curve, gamma correction
as described herein need not be performed to achieve
and maintain print quality. The same holds true for tone
curves that are below the first tone curve line 44 in a toe
portion of the curve.

Claims

1. A method for performing halftone gamma correction
in a printing environment, the method comprising:

obtaining one or more print tone reproduction
functions, each of the print tone reproduction
functions defining a relationship between set
color levels and image units;
selecting at least one of the print tone reproduc-
tion functions from the one or more print tone
reproduction functions;
determining an initial quantity of the image units
for each of the set color levels using an ideal
print tone reproduction function;
determining a first quantity of image units for
each of the set color levels based on the selected
one or more print tone reproduction functions;
and
adjusting the initial quantity of image units for
the set color levels to the first quantity of image
units for one or more of the set color levels there-
by reducing the increment difference in image
units along the x-axis in the substantially broad
flat regions as compared to the non-flat regions,
wherein said selection comprises:

selecting one of the print tone reproduction
functions from the one or more print tone
reproduction functions which in a shoulder
portion in each of the print tone reproduction
functions represents a lowest function in the
y-axis with respect to the ideal print tone
reproduction function, wherein the deter-
mining a first quantity of image units is
based on the selected one of the print tone
reproduction functions; or
selecting one of the print tone reproduction
functions from the one or more print tone
reproduction functions which in a toe portion
in each of the print tone reproduction func-
tions represents a highest function in the y-
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axis with respect to the ideal print tone re-
production function, wherein the determin-
ing a first quantity of image  units is based
on the selected one of the print tone repro-
duction functions.

2. The method as set forth in claim 1, further comprising
determining a measured color level for each of the
initial quantity of image units for each of the set color
levels based on the print tone reproduction function.

3. The method as set forth in claim 1 or 2, wherein the
obtaining the print tone reproduction functions fur-
ther comprises generating a simulated print tone re-
production function based on stored printing process
variations, wherein the determining a first quantity
of image units is based on the simulated print tone
reproduction function.

4. A system for performing halftone gamma correction
in a printing environment, the system comprising:

a tone reproduction system that creates one or
more print tone reproduction functions, each of
the print tone reproduction functions defining a
relationship between set color levels and image
units; and
a gamma correction system that determines an
initial quantity of the image units for each of the
set color levels using an ideal print tone repro-
duction function, determines a first quantity of
image units for one or more of the set color levels
based on a selection of at least one of the print
tone reproduction functions from the one or
more print tone reproduction functions, and ad-
justs the initial quantity of image units for the set
color levels to the first quantity of image units
for one or more of the set color levels thereby
reducing the increment difference in image units
along the x-axis in the substantially broad flat
regions as compared to the non-flat regions,
wherein said selection comprises:

selecting one of the print tone reproduction
functions from the one or more print tone
reproduction functions which in a shoulder
portion in each of the print tone reproduction
functions represents a lowest function in the
y-axis with respect to the ideal print tone
reproduction function, wherein the deter-
mining a first quantity of image units is
based on the selected one of the print tone
reproduction functions; or
selecting one of the print tone reproduction
functions from the one or more print tone
reproduction functions which in a toe portion
in each of the print tone reproduction func-
tions represents a highest function in the y-

axis with respect to the ideal print tone re-
production function wherein the determin-
ing a first quantity of image units is based
on the selected one of the print tone repro-
duction functions.

5. A system according to claim 4, the system being
adapted to carry out a method according to any of
claims 1 to 3.

6. A computer readable medium having stored thereon
instructions for performing halftone gamma correc-
tion in a printing environment, which when executed
by one or more processors, causes the processors
to perform the method as claimed in claim 1, 2 or 3.

Patentansprüche

1. Verfahren zum Durchführen einer Halbtongamma-
korrektur in einer Druckumgebung, wobei das Ver-
fahren umfasst:

Erhalten von einer oder mehreren Druckton-Re-
produktionsfunktionen, wobei jede der Druck-
ton-Reproduktionsfunktionen eine Beziehung
zwischen gesetzten Farbwerten und Bildeinhei-
ten definiert,
Auswählen wenigstens einer der Druckton-Re-
produktionsfunktionen aus den einen oder meh-
reren Druckton-Reproduktionsfunktionen,
Bestimmen einer anfänglichen Menge der Bild-
einheiten für jeden der gesetzten Farbwerte un-
ter Verwendung einer idealen Druckton-Repro-
duktionsfunktion,
Bestimmen einer ersten Menge von Bildeinhei-
ten für jeden der gesetzten Farbwerte auf der
Basis der ausgewählten einen oder mehreren
Druckton-Reproduktionsfunktionen, und
Einstellen der anfänglichen Menge von Bildein-
heiten für die gesetzten Farbwerte auf die erste
Menge von Bildeinheiten für einen oder mehrere
der gesetzten Farbwerte, um die Inkrementdif-
ferenz in Bildeinheiten entlang der x-Achse in
den im Wesentlichen breiten flachen Bereichen
im Vergleich zu den nicht-flachen Bereichen zu
reduzieren,
wobei das Auswählen umfasst:

Auswählen einer der Druckton-Reprodukti-
onsfunktionen aus den einen oder mehre-
ren Druckton-Reproduktionsfunktionen, die
in einem Schulterteil in jeder der Druckton-
Reproduktionsfunktionen eine niedrigste
Funktion in der y-Achse in Bezug auf die
ideale Druckton-Reproduktionsfunktion
wiedergibt, wobei das Bestimmen einer er-
sten Menge von Bildeinheiten auf der aus-
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gewählten einen der Druckton-Reprodukti-
onsfunktionen basiert, oder
Auswählen einer der Druckton-Reprodukti-
onsfunktionen aus den einen oder mehre-
ren Druckton-Reproduktionsfunktionen, die
in einem Zehteil in jeder der Druckton-Re-
produktionsfunktionen eine höchste Funk-
tion in der y-Achse in Bezug auf die ideale
Druckton-Reproduktionsfunktion wieder-
gibt, wobei das Bestimmen einer ersten
Menge von Bildeinheiten auf der ausge-
wählten einen der Druckton-Reprodukti-
onsfunktionen basiert.

2. Verfahren nach Anspruch 1, das weiterhin das Be-
stimmen eines gemessenen Farbwerts für jede aus
der anfänglichen Menge von Bildeinheiten für jeden
der gesetzten Farbwerte auf der Basis der Druckton-
Reproduktionsfunktion umfasst.

3. Verfahren nach Anspruch 1 oder 2, wobei das Er-
halten der Druckton-Reproduktionsfunktionen wei-
terhin das Erzeugen einer simulierten Druckton-Re-
produktionsfunktion auf der Basis von gespeicherten
Druckprozessvariationen umfasst, wobei das Be-
stimmen einer ersten Menge von Bildeinheiten auf
der simulierten Druckton-Reproduktionsfunktion ba-
siert.

4. System zum Durchführen einer Halttongammakor-
rektur in einer Druckumgebung, wobei das System
umfasst:

ein Tonreproduktionssystem, das eine oder
mehrere Druckton-Reproduktionsfunktionen er-
zeugt, wobei jede der Druckton-Reproduktions-
funktionen eine Beziehung zwischen gesetzten
Farbwerten und Bildeinheiten definiert, und
ein Gammakorrektursystem, das eine anfängli-
che Menge der Bildeinheiten für jeden der ge-
setzten Farbwerte unter Verwendung einer
idealen Druckton-Reproduktionsfunktion be-
stimmt, eine erste Menge von Bildeinheiten für
einen oder mehrere der gesetzten Farbwerte
auf der Basis einer Auswahl wenigstens einer
der Druckton-Reproduktionsfunktionen aus den
einen oder mehreren Druckton-Reproduktions-
funktionen bestimmt und die anfängliche Menge
von Bildeinheiten für die gesetzten Farbwerte
auf die erste Menge von Bildeinheiten für einen
oder mehrere der gesetzten Farbwerte einstellt,
um die Inkrementdifferenz in Bildeinheiten ent-
lang der x-Achse in den im Wesentlichen breiten
flachen Bereichen im Vergleich zu den nicht-fla-
chen Bereichen zu reduzieren, wobei die Aus-
wahl umfasst:

Auswählen einer der Druckton-Reprodukti-

onsfunktionen aus den einen oder mehre-
ren Druckton-Reproduktionsfunktionen, die
in einem Schulterteil in jeder der Druckton-
Reproduktionsfunktionen eine niedrigste
Funktion in der y-Achse in Bezug auf die
ideale Druckton-Reproduktionsfunktion
wiedergibt, wobei das Bestimmen einer er-
sten Menge von Bildeinheiten auf der aus-
gewählten einen der Druckton-Reprodukti-
onsfunktionen basiert, oder
Auswählen einer der Druckton-Reprodukti-
onsfunktionen aus den einen oder mehre-
ren Druckton-Reproduktionsfunktionen, die
in einem Zehteil in jeder der Druckton-Re-
produktionsfunktionen  eine höchste Funk-
tion in der y-Achse in Bezug auf die ideale
Druckton-Reproduktionsfunktion wieder-
gibt, wobei das Bestimmen einer ersten
Menge von Bildeinheiten auf der ausge-
wählten einen der Druckton-Reprodukti-
onsfunktionen basiert.

5. System nach Anspruch 4, wobei das System aus-
gebildet ist, um ein Verfahren nach einem der An-
sprüche 1 bis 3 durchzuführen.

6. Computerlesbares Medium mit darauf gespeicher-
ten Befehlen zum Durchführen einer Halbtongam-
makorrektur in einer Druckumgebung, die bei der
Ausführung durch einen oder mehrere Prozessoren
veranlassen, dass die Prozessoren das Verfahren
nach einem der Ansprüche 1, 2 oder 3 durchführen.

Revendications

1. Procédé destiné à effectuer une correction gamma
en demi-teinte dans un environnement d’impression,
le procédé comprenant le fait :

d’obtenir une ou plusieurs fonction(s) de repro-
duction de ton d’impression, chacune des fonc-
tions de reproduction de ton d’impression défi-
nissant une relation entre des niveaux de cou-
leur définis et des unités d’image ;
de sélectionner au moins l’une des fonctions de
reproduction de ton d’impression à partir de
l’une ou des plusieurs fonction(s) de reproduc-
tion de ton d’impression ;
de déterminer une quantité initiale des unités
d’image pour chacun des niveaux de couleur
définis à l’aide d’une fonction de reproduction
de ton d’impression idéale ;
de déterminer une première quantité d’unités
d’image pour chacun des niveaux de couleur
définis sur la base de l’une ou des plusieurs fonc-
tion(s) de reproduction de ton d’impression sé-
lectionnée(s) ; et
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de régler la quantité initiale d’unités d’image
pour les niveaux de couleur définis à la première
quantité d’unités d’image pour un ou plusieurs
des niveaux de couleur définis réduisant ainsi
la différence d’incrément en unités d’image le
long de l’axe des x dans les zones plates essen-
tiellement larges par rapport aux zones non pla-
tes,
où ladite sélection comprend le fait :

de sélectionner l’une des fonctions de re-
production de ton d’impression à partir de
l’une ou des plusieurs fonction(s) de repro-
duction de ton d’impression qui, dans une
partie d’épaule dans chacune des fonctions
de reproduction de ton d’impression, repré-
sente la fonction la plus basse dans l’axe
des y par rapport à la fonction de reproduc-
tion de ton d’impression idéale, où la déter-
mination d’une première quantité d’unités
d’image est basée sur la fonction sélection-
née des fonctions de reproduction de ton
d’impression ; ou
de sélectionner l’une des fonctions de re-
production de ton d’impression à partir de
l’une ou des plusieurs fonction(s) de repro-
duction de ton d’impression qui, dans une
partie de pointe dans chacune des fonctions
de reproduction de ton d’impression, repré-
sente la fonction la plus élevée dans l’axe
des y par rapport à la fonction de reproduc-
tion de ton d’impression idéale, où la déter-
mination d’une première quantité d’unités
d’image est basée sur la fonction sélection-
née des fonctions de reproduction de ton
d’impression.

2. Procédé selon la revendication 1, comprenant en
outre la détermination d’un niveau de couleur mesu-
ré pour chacune de la quantité initiale d’unités d’ima-
ge pour chacun des niveaux de couleur définis sur
la base de la fonction de reproduction de ton d’im-
pression.

3. Procédé selon la revendication 1 ou 2, dans lequel
l’obtention des fonctions de reproduction de ton d’im-
pression comprend en outre la génération d’une
fonction de reproduction de ton d’impression simu-
lée sur la base de variations de processus d’impres-
sion stockées, où la détermination d’une première
quantité d’unités d’image est basée sur la fonction
de reproduction de ton d’impression simulée.

4. Système destiné à effectuer une correction gamma
en demi-teinte dans un environnement d’impression,
le système comprenant :

un système de reproduction de ton qui crée une

ou plusieurs fonction(s) de reproduction de ton
d’impression, chacune des fonctions de repro-
duction de ton d’impression définissant une re-
lation entre des niveaux de couleur définis et
des unités d’image ; et
un système de correction gamma qui détermine
une quantité initiale des unités d’image pour
chacun des niveaux de couleur définis à l’aide
d’une fonction de reproduction de ton d’impres-
sion idéale, détermine une première quantité
d’unités d’image pour un ou plusieurs des  ni-
veaux de couleur définis sur la base d’une sé-
lection d’au moins l’une des fonctions de repro-
duction de ton d’impression à partir de l’une ou
des plusieurs fonction(s) de reproduction de ton
d’impression, et règle la quantité initiale d’unités
d’image pour les niveaux de couleur définis à la
première quantité d’unités d’image pour un ou
plusieurs des niveaux de couleur définis rédui-
sant ainsi la différence d’incrément en unités
d’image le long de l’axe des x dans les zones
plates essentiellement larges par rapport aux
zones non plates, où ladite sélection comprend
le fait :

de sélectionner l’une des fonctions de re-
production de ton d’impression à partir de
l’une ou des plusieurs fonction(s) de repro-
duction de ton d’impression qui, dans une
partie d’épaule dans chacune des fonctions
de reproduction de ton d’impression, repré-
sente la fonction la plus basse dans l’axe
des y par rapport à la fonction de reproduc-
tion de ton d’impression idéale, où la déter-
mination d’une première quantité d’unités
d’image est basée sur la fonction sélection-
née des fonctions de reproduction de ton
d’impression ; ou
de sélectionner l’une des fonctions de re-
production de ton d’impression à partir de
l’une ou des plusieurs fonction(s) de repro-
duction de ton d’impression qui, dans une
partie de pointe dans chacune des fonctions
de reproduction de ton d’impression, repré-
sente la fonction la plus élevée dans l’axe
des y par rapport à la fonction de reproduc-
tion de ton d’impression idéale, où la déter-
mination d’une première quantité d’unités
d’image est basée sur la fonction sélection-
née des fonctions de reproduction de ton
d’impression.

5. Système selon la revendication 4, le système étant
adapté pour exécuter un procédé selon l’une quel-
conque des revendications 1 à 3.

6. Support lisible par ordinateur sur lequel sont stoc-
kées des instructions pour effectuer une correction
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gamma en demi-teinte dans un environnement d’im-
pression, qui, lorsqu’elles sont exécutées par un ou
plusieurs processeur(s), amènent les processeurs à
exécuter le procédé tel que revendiqué dans la re-
vendication 1, 2 ou 3.
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